Biosynthesis of glycosylated human lysozyme mutants.
Complementary DNA encoding human lysozyme was subjected to oligonucleotide-directed mutagenesis. At one of three selected positions, amino acid residues 22, 68, or 118, the signal for N-linked glycosylation was created. The mutant DNAs were inserted into a eucaryotic vector and transfected into cultured hamster cells. The three mutant cDNAs directed synthesis of lysozyme mutants, which were named LI, LII, and LIII. The mutant lysozymes LI and LII comprised mixtures of glycosylated and nonglycosylated forms. The glycosylated and nonglycosylated forms of mutant LI were found to have an enzymatic activity similar to normal human milk lysozyme. The usage of the glycosylation sites in the mutants was similar in Chinese hamster ovary (CHO) and baby hamster kidney cells. Approximately two of every three molecules in mutant LI, approximately one of every eight molecules in mutant LII, and practically no molecules in mutant LIII became glycosylated. In CHO cells, the processing of the oligosaccharide side chains yielded several larger products than in baby hamster kidney cells. This size variability of glycosylated lysozyme from CHO cells may be explained by the presence of biantennary and triantennary endo-beta-N-acetylglucosaminidase H-resistant oligosaccharides with N-acetyllactosamine repeats of variable length and by the presence of hybrid oligosaccharides, as suggested by affinity to several lectins and sensitivity to endo-beta-galactosidase. In both cell types, the majority of the glycosylated forms were secreted and thus behaved similarly to nonglycosylated lysozyme. A small proportion of mutant LI lysozyme remained associated with the cells. The retained lysozyme was recruited predominantly from the molecules bearing high mannose oligosaccharides. These molecules were targeted to lysosomes, and their carbohydrate was trimmed to an endo-beta-N-acetylglucosaminidase H-resistant form. Owing to the small size of mutant LI lysozyme, minor changes in the size of its carbohydrate moiety result in detectable changes in the electrophoretic mobility of the whole glycoprotein. We suggest that this novel glycoprotein could be used as a reporter in studies on processing and segregation of glycoproteins.